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(X1X0) = Cx(3) W/x0) - c;<s1 (3) 

(XIX;) = ax(s) (X’ Ix;) - 3;(b) 

(xl 6) - dx(9) (Xl 16) - d;(s) 

This YecLoP is ma3uPed WlLtl respwt to an assumed 
Peferenee trajectory. me reference trajectory 13 
t.i!icn to be tne path Of a Single Specific p?.PtlCle 
whmle mcmenrum is tne Central des‘g" mOmencum Of the 
Optical system. me spatial COOPainate?. x and Y 
mea3"Pe the tra"sYePse distance Of a LmPtiCle fPcxr the 
~tference trajectory. me component x 19 in the 
nOPizO"ral (bend, plane and y 14 in the VePtlCal. 
Their dePIvatlYe3 X' ‘3rd Y' are vlth respect to 
dlsrance along the l-dWe"Ce trajecrory. me 
COOPdlnate P. represents the longitudinal separation 
between an arbitrary particle and the reference 
particle. when the two particles Sr,z-t at the 
beginning Of the system at the same r*me. F‘".%llY, 
there is ma fractional mcQle"tum deviation 6 from tne 
refePe"Ce prtlcle. 

elements (xlxoyo). (X/YoS). and lY(yoy;) are required 

sy “idplane symmetry to be BP”. 

We “0” vmsiaer SOall “iolaLlons Of midplane 
symmetry. The symmeLry violating magrletlc fields are 
considered to be ePrOP fields. 90 that tne rcreremx 
trajectory remains unchanged. Now. hcmie~w. there Is 
a VePtiCally bending magnetic field component. SC’ mat 
a charged particle with the reference mmentm VhlCh 
inltlally *allaus the reference trajectory Cannot 
continue to fOllOY the PH-We”Ce trajectory. 
Equation (3, the” acquires a ZePO’th Order t‘.Pm ana 
becomes 

Xi - 5s + RX0 + TXOXO * “x0x0x0 (41 

rtle ZePO’th OPCJW teprn x,s i9 the distance by which 

the paptlclr initially on the reference trajectory 
deviates rrcm the reference trajectory at the magnet 
exit. 



(yiyoy;) acquire nonzero values. The only remaining 

ZSPO values result from the *act that, I” a ps95ivs 
magnrtic system, the tPs”sYeP9e cOOPai”arrS ana 6 SPS 
not affected by P. and tne trsnsYtr93 mOPdi”atas ana 
2 do not affect 6. 

Magnetic 9 Expansion 

By(X,O.S) o - B (1 “In + m2xZ f ) (51 

HWS h is tne cw"sture OP the Peference tra,ectary, 
equal to tne reCipPOCal Of the Pad‘"3 Of CUPVatUPs. 

Bx(X,O.S) = BO(VR n'hx + B-22 f . ..J (6) 

Bx - BOIVR - hn’X - my + h%X2 (7) 

1 2h2WY - ;h2(2"'-n'-YR)Y*l 

By = Boil hnx + h("'-vR)y * h2d 

- &zb'-q)Xy - ; h*(Pb-")Y21 

zerc’rn an.3 FIPSL OrdeP Solution 

The fir-St. OPdSP equstlons Of motion “OU become 

2 
” + (l-n)tlZx 
dS2 

- h2(vR- “‘,Y + h6 (8) 

sY-sx (x/Y;) = (yv) K 

c’-C’ 
(X’ IYo) = (vR-“‘) * 

3’-3’ 
(X’JY;) = (up’) $+$ 

c -c 
(YIXo) = (n’-2vR) &$ 

3 -3 
(Ylx;) = w-2vR) * 



d 4 
(yib) - - VRdy 2-l + (n’-2vR) ,-*” 

c*-C’ 
(Y’ /x0) - (n’-2vR) + 

3’-3’ 

(y’,xg = c”‘-2vRl * 

d’-d’ 

(Y’lb) = - “,d; + (n’-2vR) &$ 

d’-d’ 

(S/Y,) 
yx - (vR-“‘) ,.2” 

d -d 

(l(Y;) - (y-n’1 * 

Second-order Terms - 

me equstlon? Of rnOt.lO” expanded to second Order 
m-3 

2 
dx * (,.“lh2X 
dS2 

- ho + h2cYR-“~ )Y (10) 

f h3(2n-:-,)xZ + n3(2s'-3"'+vR)xY 

+ ; h3(264 1 ; tw2 - $hY, 
2 

+ h2(2h)X6 h2(YR-“~)Y6 - h2 

2 
dy + "hzy = VRh - vp f h212vR-"~)x 
'332 

+ h3(jl-2"'rvR)x2 + Zh3(o-")xY 

- f h3(2b'-".-"R,y2 h2(2vR-"')xb 

+ L 1 n "yd + 2 VRhX 82 + hX' y' 

1 + z "$YZ * "$72 

Second-order non-“~idplane-symmetric matrix 
elements can arise from three dlffePenr sourc33: 

1) Second-order “~“-~idpls”s-SyMnstPic LSPlnS cOUPll”g 
to mlapls”e symlerric f‘rst-order marriX elements 

2) Second-order midpla"a-3ymmr~ric terms CO"pll"g to 
*on-midpLs"-symmetrlc fiPSt-OPdeP uM.PiX elements. 

3) FIPst-oPdeP "an-mldpla"e-symmetric tsPm3 CoYPliW 
to mldplane synmerrtc seco"d-oPd3P matrix elrments. 

!ihS" second-order t3Pms s-3 inciuded. the Shift in the 
central trajectory due to the vertically bending field 
causes a change in the flPst-ordeP tams. 
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